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Abstract

Background: Inadequate electronic health record (EHR) interface design hinders the physician-
EHR experience, which may lead to increase physician frustration and fatigue levels.

Objectives: The objective of this study was to examine the physician EHR experience by evaluating
the congruency between actual and perceived measures among physicians with different EHR
expertise and utilization levels.

Methods: We conducted a cross-sectional EHR usability study of intensive care unit (ICU)
physicians at a major Southeastern medical center. We used eye-tracking glasses to measure
provider EHR-related fatigue and three surveys to measure the perceived EHR experience.

Results: Of the 25 ICU physicians, 11 were residents, nine were fellows, and five were attending
physicians. No significant differences were found between actual fatigue levels and their perceived
EHR usability (p=0.159), workload (p=0.753), and satisfaction (p=0.773).

Conclusion: We found that there was low congruency between physicians’ EHR-related fatigue and
the perceived ratings for usability, satisfaction, and workload, which suggests using actual and
perceived measures for a comprehensive assessment of the user experience. EHR-related fatigue
may not be instantly felt by some physicians, hence the similar rating of perceived EHR experience
among physicians.
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Introduction

Using electronic health records (EHR) contribute to physician fatigue.*” The reported effect of EHR
use on physician fatigue and burnout dramatically increased from 46 percent to 70 percent within a
short time frame.** Stringent documentation policies, prolonged time and effort fetching for
information, and work out of work hours are the main contributors to EHR-related fatigue.*

" Additionally, inadequate EHR interface design hinders the physician-EHR experience that leads to
exhaustion.?



Evaluations of the physician EHR experience have heavily relied on objective and subjective
responses.®™ User experience is defined as the perceptions and responses that result from using a
product or tool.”” User responses to EHR use can be measured using physiologic data such as
blinking rates, pupillometry, and heart rate.**** User perceptions to EHR use can be measured
through subjective measures including surveys and interviews.*

Popular survey instruments used to assess EHR-related fatigue include the NASA Task Load Index
(TLX),* and System Usability Scale (SUS),*” and Questionnaire for User Interface Satisfaction
(QUIS). NASA TLX measures the perceived workload of using a given system using six

factors.” Recently, clinical researchers have adopted the SUS to measure the perceived usability of
EHR systems by assessing 10 usability criterion.” The QUIS is used to assess the user satisfaction
with a given information system by assessing 27 satisfaction items.* Although not designed for
healthcare systems, researchers have used the QUIS to assess provider and patient satisfaction
with regards to health information systems such as EHRs.?# It is unclear whether survey-based
assessments are accurate measurements of the relationship between EHR usability and physician
fatigue.

Only recently, the effect of EHR use on physicians’ fatigue levels was objectively quantified using
physiologic measures, namely pupillometry.?* By measuring changes in pupil size, researchers
reported it takes approximately 20 minutes of continuous EHR use for 80 percent of physicians to
experience fatigue at least once. The use of eye-tracking methods can precisely measure the impact
of EHR use on physicians’ cognition, which provides new context that subjective methods cannot
provide. To our knowledge, no study has examined the accuracy of both subjective and objective
measures as an indicator of EHR-related fatigue levels.

The limited knowledge around the consistency of subjective and objective measurements in
assessing physician fatigue levels drove our research question of: Is there congruency between
perceived and actual EHR experiences for physicians? We hypothesized that the EHR perceived
experiences will not be congruent with the actual experiences for physicians. Our goal was to
understand which types of measurement are more appropriate to evaluate EHR experiences such
as usability, workload, and satisfaction. Therefore, the objective of this study was to examine the
physician EHR experience by evaluating the congruency between actual and perceived EHR
experience measurements among physicians with different EHR expertise and utilization levels.

Methods

We conducted a cross-sectional EHR usability study of a 30-bed medical intensive care unit (MICU)
physicians at a major Southeastern medical center. The MICU used Epic as the institutional EHR
system. We created a usability framework for this study that included four ICU patient cases,
administration of three EHR surveys, and the use of eye-tracking device.* We recruited a random
sample of 25 MICU physicians including residents, fellows, and attendings through departmental
emails and flyers. For each physician, we collected information regarding their years of Epic
experiences and the estimated average number of hours spent using Epic per week.

A summary of the four simulation patients and tasks is provided below:*

Case 1: A 44-year-old female patient with multisystem organ failure. Participants were asked to
manage medication orders and determine input from consulting clinical teams. Case 2: A 60-year-
old female patient with acute hypoxic respiratory failure. Participants were asked to review clinical
documentation and flowsheets, to evaluate changes related to the patient’s condition and
mechanical ventilation, and to analyze microbiology data. Case 3: A 25-year-old male patient with



severe sepsis infection. Participants were asked to assess the clinical flowsheet, assess laboratory
data, evaluate antibiotics and intravenous fluid management, and manage laboratory studies. Case
4: A 56-year-old male trauma patient with postoperative heart failure and volume overload.
Participants were asked to identify trends in the patient’s weight during previous clinical encounters
and to manage orders for IV fluids and other medications.

We defined actual EHR experience as the fatigue level assessed by eye-tracking glasses using pupil
size as measurement. We defined the perceived EHR experience as the level of workload, usability,
and satisfaction measured by three different surveys NASA-TLX, SUS, and QUIS, respectively.

For Epic experiences, we defined three experience groups. Novice experience was defined as one
to three years of Epic experience, intermediate was defined as three to five years of experience, and
expert was defied a over five years of Epic experience.

For Epic user types, we created three groups as well. First, low use is defined as zero to 20 hours of
Epic use per week; intermediate use is defined as 20-40 hours of Epic use per week; and high use is
defined as over 40 hours of Epic use per week.

Physicians reviewed four ICU patient records, and after reviewing each case, a research assistant
(RA) asked a series of clinical questions to assess the level of comprehension. After completing all
four cases, physicians completed three validated surveys—NASA-TLX, SUS, and QUIS—to assess
the perceived workload, usability, and satisfaction of the EHR. The study was conducted in a private
office space to avoid disruption to the MICU environment. Institutional Review Board approval was
obtained prior to conducting the study.

Study Materials

After the study, we collected and analyzed pupillometry data for each physician from the eye-
tracking device. Pupillometry data calculates the pupil size for the right and left eye for each
millisecond of the study. EHR-related fatigued was defined as the instance when the average pupil
size of both eyes is smaller than the baseline average pupil size of both eyes. We previously
reported that all 25 physicians experienced fatigue while using the EHR.* Physicians experienced
different number of fatigue instances during the study ranging from 1-4. Physicians who experience
a single fatigue instance were defined as “low fatigue,” two or three fatigue instances were defined
as “medium fatigue,” and four fatigue instances were defined as “high fatigue.”

For each physician, we calculated perceived workload, usability, and satisfaction scores. For NASA-
TLX, we calculated the a total workload score using raw TLX scores from 0 to 100, without applying
weights.”” For TLX, a score above 55 represents an overload, while a score under 55 is considered
normal workload.

For SUS, we computed a total usability score based on the standard methods. For odd items, we
subtracted one from the user response; for even-numbered items, we subtracted the user responses
from 5. Then, we added the converted responses for each physician and multiplied that total by 2.5.
This converts the range of possible values from zero to 100. SUS score between 0-50 is defined as
unacceptable, 51-80 is acceptable, and 81-100 is excellent usability.?*

For QUIS, we calculated a total satisfaction score by averaging the score of the five “overall” items.
Each item is rated based on 10-point scale; therefore, QUIS scores ranged 0-10. Scores between 1-
5 were defined as low satisfaction, 6-7 is medium satisfaction, and 8-10 is high satisfaction (Table
1).


https://perspectives.ahima.org/Portals/0/Physician%20EHR_Table%201.pdf
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Outcomes

Primary endpoints of this study were actual experience measured by eye-tracking fatigue scores and
perceived experiences measured by workload (NASA-TLX), SUS (usability), and satisfaction (QUIS).
Secondary endpoints were physician EHR expertise (number of years using the EHR system) and
physician EHR utilization (self-reported number of hours using the EHR per week).

Statistical Analysis

We aggregated all eye-tracking and survey data into a single file for data analysis using SPSS® and
MS Excel®. We used descriptive analysis to quantify differences between objective fatigue scores,
and subjective usability, workload, and satisfaction scores. We also conducted Pearson Correlation
test to examine the association between objective and subjective measures to understand if there is
a relationship between both measurement types.

Results

Of the 25 ICU physicians, 11 were residents, nine were fellows, and five were attending physicians.
Twelve (48 percent) were male; the mean age was 33 years (range: 28-55 years) and rhe mean
weekly number of hours of current Epic use was 31.1 hours (IQR: 7.95-52.1 hours). Mean prior
experience with Epic was four years (IQR: 2.0-5.5 years).

Among all 25 participants, the average total time to complete the four patient cases was 31:04
minutes. Residents spent the most time (40:44 minutes); fellows were the quickest (17:58 minutes),
and then attendings (26:45 minutes). The average time to chart review was 4:42 minutes. Attending
spent most time reviewing the records (5:25 minutes) followed by residents (5:05 minutes) and
fellows (3:27 minutes). The average time to answer questions and complete tasks was 11:32
minutes. Residents spent the most time answering questions (20:21 minutes), followed by
attendings (3:59 minutes) and fellows (3:13 minutes).

Actual and Perceived EHR Experience

All physicians experienced at least one fatigue instance such that four (16 percent) physicians
experienced high fatigue levels, 11 (44 percent) experienced medium fatigue, and 10 (40 percent)
experienced low fatigue levels. The overall rating for EHR satisfaction was “Medium” with a score of
6 out of 10. The overall rating for EHR usability was “Acceptable” with a score of 61 out of 100. The
overall EHR workload level was “Normal” with score of 44 out of 100.

Using the QUIS, one (4 percent) physician rated their overall EHR satisfaction as “high,” 17 (68
percent) reported “medium” EHR satisfaction, and seven (28 percent) reported “low” EHR
satisfaction levels. Using the SUS, one (4 percent) physician reported “excellent” EHR usability, 19
(76 percent) reported “acceptable” EHR usability, and five (20 percent) reported “unacceptable” EHR
usability. For the NASA TLX, 21 (84 percent) physicians indicated “normal” EHR workload, and four
(16 percent) reported “high” EHR workload.

No significant differences in EHR satisfaction were found between physicians experiencing low,
medium, and high fatigue levels (Figure 1). The median (IQR) EHR satisfaction rating for physicians
who experienced low fatigue was 5.7 (5.1-6.3), medium fatigue was 5.7 (5.5-6.1), and high fatigue
was 5.4 (5.2-5.8). One-way ANOVA test showed that the distribution of EHR satisfaction is the same
across the three fatigue categories (p=0.773).


https://perspectives.ahima.org/Portals/0/Physician%20EHR_Figure%201.pdf

Similarly, no significant differences in the perceived EHR usability ratings were found between
physicians’ experiences varying levels of fatigue (Figure 2). The median (IQR) EHR usability rating
for physicians who experienced low fatigue was 55 (45.6-64.4), medium fatigue was 67.5 (62.5-
71.3), and high fatigue was 63.8 (57.5-68.1). One-way ANOVA test showed that the distribution of
EHR usability is the same across the three fatigue categories (p=0.159).

There were no significant differences in the perceived EHR workload found between physicians’
experiences varying levels of fatigue (Figure 3). The median (IQR) EHR workload rating for
physicians who experienced low fatigue was 44.6 (38.1-51), medium fatigue was 45.8 (34-51.3), and
high fatigue was 52.1 (44.8-54.2). One-way ANOVA test showed that the distribution of EHR
usability is the same across the three fatigue categories (p=0. 753).

Effect of EHR Expertise and Use

Based on self-reported years of EHR experience, there were four (16 percent) “novice” EHR users,
14 (56 percent) “intermediate” EHR users, and seven (28 percent) “expert” EHR users. EHR
expertise was significantly associated with EHR satisfaction such that an increase in the number of
years of EHR expertise was correlated with a higher EHR satisfaction ratings (p<0.05) (Table 2). No
significant correlation was found between perceived usability or workload. Additionally, actual fatigue
was not significantly associated with EHR expertise.

Based on self-reported hours spent in the EHR per week, there were seven (28 percent) physicians
of “basic” EHR use, eight (32 percent) physicians of “intermediate” EHR use, and 10 (40 percent)
physicians of “advanced” EHR use. EHR usability was significantly associated with the level of EHR
use such that an increase in the number of hours spent using the EHR was correlated with higher
EHR usability rating (p<0.05) (Table 2). Additionally, the level of EHR use was marginally correlated
with both perceived EHR workload and satisfaction. EHR use was negatively correlated with
perceived EHR workload such that an increase in EHR use was associated with lower EHR
workload (p<0.1). Also, EHR use was positively correlated with EHR satisfaction such that an
increase in the number of hours spent in the EHR was associated with higher satisfaction rating
(p<0.1). No significant relationship was found between actual fatigue and EHR expertise (p=0.3) or
EHR use (p=0.5).

Discussion

We conducted a cross-sectional study to investigate the differences between actual and perceived
EHR experience of 25 ICU physicians with different EHR expertise and utilization levels while using
a prominent EHR system. Our findings show that there were no significant associations between the
actual and perceived EHR experiences, which may suggest that the varying levels of EHR-related
fatigue experienced by physicians are not reflected in their subjective evaluation of EHR usability,
workload, and satisfaction. We found that physicians who experienced low, medium, or high fatigue
levels had relatively similar ratings of their perceived usability, workload, and satisfaction. This
suggests that actual fatigue levels measured by physiologic data collected from eye-tracking devices
may be more accurate to assess EHR-related fatigue levels.

EHR-related fatigue was not significantly associated with EHR expertise or EHR use. Physicians,
despite their number of years using an EHR or their number of hours spent in the EHR, experienced
similar fatigue levels. This may suggest that the problem of EHR-related fatigue may be less of a
user issue and more of a design issue. For instance, if a physician with 10 years using the EHR
experiences the same fatigue levels as a physician with one year experience, this suggests that the
problem may be in interface design. Common interface design flaws that we observed during the
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study included information overload in some EHR screens such as the Flowsheet, heavy emphasis
on memorization rather than recall, and challenges finding the latest and most accurate information.

All physicians experienced varying degrees of EHR-related fatigue, which validates the theory that
EHRs contribute to physician fatigue.** Although, we expected that fatigued physicians would report
low ratings for EHR usability, workload, and satisfaction. However, physicians, in general, reported
“acceptable” EHR usability, “normal” EHR workload, and “medium” EHR satisfaction. This suggests
that EHR-related fatigue is not instantly felt by some physicians and, therefore, two physicians who
experience different actual fatigue levels may rate their EHR experience similarly, which may not
reflect the actual EHR experience. Future studies should examine the long-term effect of EHR-
related fatigue on physician burnout.**

Limitations

This study had limitations. This was a single site and a single EHR study. Although we examined
only one EHR, this EHR is the most prominent EHR system in the US. The study focused only on
ICU physicians, and the generalizability of the study findings may not be applicable to other
specialties. We collected continuous pupil size data throughout the experiment for each physician
and only one perceived survey data at the end of the experiment. We did not administer the surveys
after each patient case to avoid disruption of the continuous EHR use, which would jeopardize the
reliability of the eye-tracking data.

Conclusion

We investigated the physician-EHR experience by evaluating the degree of congruency between
actual EHR-related fatigue levels with the perceived EHR usability, workload, and satisfaction. We
found that there was no relationship between changes in EHR-related fatigue and the perceived
ratings, which suggests using actual and perceived measures for a comprehensive assessment of
the user experience. It is possible that subjective data provides a baseline to EHR perceptions;
however, this study demonstrated that the use of physiologic data (i.e., pupil size) provide a more in-
depth evaluation of the actual impact of EHR on physician fatigue and well-being.
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